Introduction
Hepatocellular carcinoma (HCC) is the most common primary tumor of the liver and usually appears as part of liver cirrhosis (LC) [1] . The frequency of HCC varies widely depending on the geographical location, and the distribution is often different between different ethnic groups and gender. It is a problem of less developed regions where more than 80% of the cases occur. It is the fifth most common cancer in men and the ninth in women [2] . It is the second leading cause of cancer death worldwide, responsible for approximately 746,000 deaths in 2012; the prognosis is very poor and this is reflected in the overall incidence rate of mortality of 0.95 [2] [3] .
In Colombia, HCC occupies the fifteenth place in incidence and the seventh place in mortality according to Globocan data, but with limitations due to the bad records that exist in the country. In men, it ranks twelfth in incidence and is the fifth leading cause of mortality [4] .
Latino-American data are scarce about HCC, but it is estimated that the incidence is 5 cases per 100,000 individuals [5] .
Often, the diagnosis of HCC is delayed due to the large functional reserve of the liver and the absence of specific signs and symptoms that make suspect the disease [6] - [8] . It is important to note that this tumor does not require biopsy for diagnosis in patients with cirrhosis and with typical images in CT scan or MRI images [9] . The development of HCC in cirrhotic patients is variable according to the ethology of HCC being more prevalent in patients infected with hepatitis B virus and hepatitis C virus than patients with autoimmune or cholestasis cirrhosis. The incidence in this case varies between 3% and 4% per year [10] .
In the presence of LC and in early stage HCC, the best management is orthotopic liver transplantation (OLT), as long as the patient is fit to tolerate the procedure [8] . The most frequently used staging criteria are the Barcelona Clinic Liver Cancer, which although it is not approved by all the world groups, it has been the basis of the guidelines of both the American Association for the Study of Liver Disease and the European Association for Study of the Liver. The tumors considered for OLT are: a single lesion of 5 cm in diameter or less, or 3 or fewer lesions each one of 3 cm or less (the Milan criteria) [8] [10] . When the patient does not meet these criteria, it is not an early tumor and then is not a candidate for OLT, and other strategies must be considered. One of the options that can be considered for this management is surgical resection, but it requires a very good liver function in the patient. When there is no LC, hepatic resection is the preferred management and can be more aggressive in view of the good liver function; the problem is that most of these patients have large tumors due to the absence of regular surveillance because they are not cirrhotics.
The present study aims to describe the results in terms of survival with surgical management of patients with HCC, regardless of whether they have undergone surgical resection or liver transplantation. The aim is also to look for the relationship between different demographic and pathological variables with respect to this survival.
All patients were treated at a hospital in Medellin (Colombia) between June 2004 and January 2015. Methods: A retrospective study of a consecutive series of patients collected prospectively was performed. Secondary sources of information were used (prospective database of the unit and medical records when data were missing). All patients undergoing liver transplantation or resection, whose pathology corroborated the diagnosis of HCC were included.
Patients with previous HCC diagnosed by images, but with no tumor in the pathology analysis were excluded. All patients were followed in the Hepatobiliary and Liver transplant unit of the same hospital.
For the analysis, the following variables were recorded: demographics (age, sex), clinical (etiology of cirrhosis, previous complications), and histopathology (number and size of tumors, vascular invasion, and cell differentiation). All of these were the independent variables; the dependent variable was death.
Statistical Analysis
For the univariate statistical analysis, frequency measures of central tendency are described. In addition, the survival analysis with Kaplan Meier was calculated. In bivariate analysis Chi square for categorical variables and U Mann Whitney for continuous variables with a significance of p < 0.05 were used; for survival, the analysis log rank test was used with a significance of p < 0.05.
In multivariate analysis a Cox regression (using the Hosmer-Leme show test (HL) with p < 0.25) was performed, and the crude hazard ratio was calculated and then adjusted to determine the change in the measure of association. The value of significance accepted was p < 0.05. The statistical analysis was performed using the SPSS version 21 (Statistical Package for the Social Sciences Inc.; Chicago, Illinois, USA).
Results
116 surgical interventions were performed for the management of HCC between June 2004 and January 2015 at the Pablo Tobon Uribe Hospital (HPTU) in Medellin; of these, nine transplanted patients were excluded because it was not possible to corroborate tumor in the explants, all of them with decompensated cirrhosis that was the indication of liver transplant.
Of the 107 patients included in the final analysis, 73% were men. The median age of all patients was 60 years (Kolmogorov Smirnov p < 0.05; interquartile range 54 -65 years).
70% of the patients had LC, the most frequent etiology was alcohol abuse, Hepatitis virus B and virus C infection (15%, 13% and 12% respectively).
The procedures performed were 67 OLT and 40 liver resections. As expected, resected and transplanted patients are not comparable in some specific aspects that make them tributary of one or the other procedure, such as having cirrhosis and tumor size, since OLT is carried out in the presence of HCC almost exclusively if there is hepatic cirrhosis and the international guidelines are very conservative in terms of tumor size and number to recommend liver transplantation. Advanced age is another important factor to consider, since it is by itself one of the counter-indications for OLT in many groups in the world. Other features of the two groups are presented in Table 1 .
General pathological features: 56% of the patients had a single tumor, 44% had multiple tumors and of these, 22.4% had satellite nodules. 70% had tumors of 5 cm or less in diameter. Transplanted patients had significantly more satellites than resected patients (p = 0.03) and their tumors were smaller (p = 0.000). Microscopic vascular involvement was present in 22.4% of the cases in general, and no differences between the two groups (OLT or resection) were noted. HCCs were well differentiated according to the Edmonson Steiner classification in 35% of transplanted livers and 57.5% of resected livers (p = 0.03).
Survival: The average survival for the entire cohort was 76.7 months (95% Confidential Interval 64.8 -88.6), the survival of all patients was 37.6% at 107 months (Figure 1) , survival after one year was 86.7% and after 5 years it was 62%.
In the bivariate analysis, an improved survival of patients younger than 60 years with a single, smaller tumor was observed in those who underwent liver transplantation (and therefore were cirrhotic), but none of these differences were statistically significant. Neither the microscopic vascular compromise, nor the degree of cell differentiation showed differences in survival ( Table 2 ). The survival rate at one and five years was 83.5% and 71.7% in transplanted patients, and 92% and 36% in resected patients (p = 0.174) (Figure 2) . For cirrhotic patients the one and five years survival was 89.3% and 66.9% versus 89% and 35% in non cirrhotic patients (p = 0.181) (Figure 3) . When satellite was found, the one and five years survival was 83.1% and 51% versus 87.8% and 65.4% if no satellite was found (p = 0.08) (Figure 4) . Concerning the characteristics of the tumor, its size was not related to the existence of vascular involvement in the pathology (p = 0.412), but it was related to the presence of satellites (p = 0.004) and with poorly differentiated tumors (p = 0.006).
There were significantly more large tumors in resected vs transplanted patients (p = 0.000).
No relationship between the degree of differentiation and vascular involvement was observed (p = 0.06). When analyzing survival only in patients who were resected, it was observed that they presented a better survival rate when they were not cirrhotics, but without statistical significance (p = 0.79) (Figure 5) .
Subsequently a Cox regression was performed to establish a multivariate analysis of the variables that have more weight in relation to the long-term survival in this cohort of patients. Crude hazard ratio was calculated and then adjusted to determine the change in the measure of association using the bivariate analysis, for those that reached statistical significance (Hosmer Lemeshow < 0.25). This analysis showed that the tumor size, the presence of several tumors and of satellites were the most important risk factors leading to a minor survival rate in both crude and adjusted analyzes; however none of these risk factors reached statistical significance ( Table 3 ).
Discussion
One important aspect of this study is that it presents epidemiological and demographic data from HCC as well as survival in a Latin-American population. The distribution of HCC by sex in Colombia is much higher in men than in women as has been previously reported [11] .
It is clear that radical management with liver transplantation is the better option, with 5 years survival of over 70% of the patients in different regions around the world. This strategy not only controls the tumor but also the underlying liver cirrhosis, so the benefits are clear. Yet, the shortage of organs in many countries and the fact that not every patient can achieve the minimum criteria for admission on a transplant list shows that hepatic resection is a good alternative for treatment. Few regions in Latin America show long-term results with radical management of HCC [11] - [13] .
The most important finding of this study was the acceptable 5-year survival achieved independently of the radical management, although it is clear that transplanted patients present some favorable characteristics that allow them to present a better survival over resected patients, but in this group, survival is also acceptable given that none of them were candidates for liver transplantation.
A Peruvian report [12] with 190 liver resections in a group of patients, 49% of whom with hepatitis B virus or hepatitis C virus infection and with 41 year-olds on average, recorded a significant number of resections in patients with multiple tumors (30%), but with a post-operative mortality of 13.7% and a median survival of 22.8 months; the overall survival at 1 and 5 years was 66.49% and 26.65% respectively, lower than those reported in this series.
Another study from Chile reported 19 operations in 29 patients with HCC, with a mean age of 57.3 years, but only 6 patients achieved resection because advanced disease was revealed in the operating room; the overall survival of these resected patients was very poor, only 8.5 months [13] .
Finally, a recent multicenter study in North America, Europe and Asia, reported a series of 334 patients treated for HCC, including 319 (95.5%) who were treated with liver resection and 0.9% with OLT, the median age was 58 years, 77% were men and 51% had been infected with hepatitis B or hepatitis C virus. 81% had single tumors, 70% had tumors of more than 5 cm, and the survival at 1 and 5 years was 85% and 52%, similar to that reported in our study.
Predictors of recurrence reported in this multicenter study were similar to ours, namely: poor cellular differentiation of the tumor, and the presence of multiple tumors or satellites. The microscopic vascular invasion did not affect survival, as in our experiments [14] .
The limitations of the present study include the small number of patients and its retrospective nature, but with very good information about patient demographics, surgical and pathology reports. Full post-operative control in the same location, allowed us to analyze adequate data for this study.
Conclusion
In conclusion, we can conclude that the survival of patients with HCC is compromised with liver resection, but given that there is no option for OLT in these patients, liver resection is a very good option with adequate five year survival rates.
